ABSTRACT A gel electrophoresis DNA binding assay to detect Z DNA binding proteins has been developed utilising [ P] labelled poly [d(G-C)] which was converted to the Z form by incubation in 100 uM Co(NH 3 ),Cl...
INTRODUCTION
The polymorphism of DNA is well established and there seems little doubt that in the appropriate environment different conformations of DNA can exist in proximity to each other (1,2). This potential for structural diversity in turn suggests that specific recognition of DNA sequences by proteins could in some cases be related not only to the primary DNA sequence but to the secondary structure it could adopt in a particular situation.
There is good evidence that DNA exists mainly in the standard right handed B form and currently there are relatively few examples illustrating that perturbations to this Watson-Crick structure occur in vivo. The phenomenon of bent DNA in kinetoplast DNA's (3) and in replication origins (4, 5, 6 ) and the demonstration of special structures associated with poly (dA) -poly (dT) sequences (7) indicate that structural variations can be detected given an appropriate probing system. Using a variety of techniques a number of non-B structures have also been directly observed e.g. cruciforms at inverted repeats (8) and left handed Z DNA found mostly in association with alternating purine-pyrimidine sequences (1,2). These non-B structures were identified originally by x-ray crystallography but also as a result of their sensitivities to attack by specific reagents (9, 10) and nucleases (11) and by their abilities to interact with antibodies directed against Z DNA (12, 13, 14, 15) . It should be noted however that there are very few situations where it can be shown unequivocally that such non B structures exist in vivo. The best direct evidence has been obtained using anti-Z DNA immunoglobulin to detect antigens in. polytene chromosomes of Drosophlla (12) , and Chironomus (15) and in the metaphase chromosomes of primates (16) . Subsequent studies however (17) have suggested that fixation procedures used in this approach may be critical and raised the possibility that the positive results were fixation artefacts. This question was recently reassessed (18) and it was concluded that Z DNA was indeed present in the native chromosomes. A demonstration of the significance of Z DNA in vivo has also been provided by examining the ability of plasmids containing Z DNA inserts to influence the degree of methylation of restriction enzyme sites (19) .
Another approach to the question of the significance of non-B DNA structures is to ascertain if proteins can be detected which recognise specifically these DNA conformations. Using Z DNA in the form of appropriately brominated poly[d(G-C)] it has been demonstrated that such proteins appear to occur in Drosphlla (20), SV40 minichromosomes (21) and in wheat germ (22) . In the latter study a preparation of Z DNA binding proteins was obtained using affinity chromatography and shown to contain polypeptide species of apparent molecular weights of 90K, 58K and 40K. Another recent investigation using bull testis indicated that three proteins of molecular weights 31, 33 and 58 Kd had a high degree of such conformational specificity (23). In addition there have been reports that the reel protein of Ustilago (24) and the recA protein of E. coli (25) exhibit preferential binding to Z DNA suggesting that such interactions may play a role in genetic recombination.
In this investigation we have attempted to develop sensitive methods for detecting proteins binding to Z DNA by utilising a gel electrophoresic DNA binding assay (26, 27) . This procedure has been used successfully to characterise proteins binding specifically to defined regions of DNA and depends on the ability of these proteins to retard the movement of labelled fragments of DNA during electrophoresis under non denaturing conditions. Non-specific interactions with the labelled probe are eliminated by the inclusion of a large excess of unlabelled non-specific DNA in the binding reaction.
To prepare a labelled probe, we have successfully exploited the ability of micromolar amounts of Co(NH. 12 The amount of antibody retained on the cellulose was determined by adding I labelled Protein A [Amersham International; 10 cpm, 40 mCi/mg specific activity] in IX BSA in buffer A, incubating for 30 minutes at room temperature and then washing by centrifugation as described before counting for radioactivity. In the blocking experiments 50 pi of an appropriate dilution of the rabbit antibody against brominated poly [d(G-C)] was mixed with 50 pi of solutions containing poly [d(G-C)] in buffer B containing Co(NH,) 6 Cl, [10 mM Tris, pH 7.5, lOOmH NaCl, 100 pM Co(NH 3 ),Cl 3 ]. After incubation at room temperature for 1 hr the mixture was centrifuged (MSE Microfuge ll,500g/10 min) and the supernatent added to the cellulose powder and the remaining antibody assayed as described above.
Fragmentation and labelling of poly [d(G-C)]
Poly [d(G-C)] was diluted to 125 pg/ml in 10 mM Tris/HCl pH 7.5, denatured by heating at 100°C for five minutes and renatured by slow cooling to room temperature. Alternatively poly [d(G-C)] was digested under standard conditions with the restriction enzyme BssHII (8 units/2.5 pg DNA) for 2 hours at 50°C. Poly [d(G-C)] either in the native state or as fragmented above was then 3 1 end labelled by standard protocols (32) with the Klenow fragment of E_ĉ oli DNA polymerase I using a P dCTP and unlabelled dGTP producing labelled oligomers of approx.10 cpm/ug. Filter assay Labelled poly [d(G-C)] (-10 ng) was incubated in buffer C (100 pM cobalt ammonium chloride, 10 mM Tris/HCl pH 7.5, IX bovine serum albumin) with a 100 fold excess of unlabelled carrier B DNA viz. poly(dG)-poly(dC) (lpg) at room temperature for 1 hour to facilitate the B to Z transition. Aliquots were mixed with equal volumes of dilutions of rabbit antlsera in buffer C for a further 1 hour at room temperature and filtered through small 0.22pm nitrocellulose filters which had been prewashed in buffer C. Filters were washed with 5 ml of buffer C, dried and counted. In some experiments DNA on the filter was extracted by cutting the filter into small pieces and incubating for 1 hr at 37°C in 400 pi of 10 mM Tris pH 7.5, IX SDS, 1 mM EDTA, 100 pg/ml protease K.
Eluted DNA was extracted sequentially with phenol and chloroform before precipitation with cold ethanol. The pellet was air dried and dissolved in 50 mM Tris/borate pH 8.8, 100 mM EDTA 50X glycerol with marker dyes and submitted to agarose or polyacrylamide gel electrophoresis (32) . Labelled size markers were electrophoresed in parallel slots -these having been prepared from adenovirus type 2 DNA digested with AccI or BamHl followed by end labelling as described above.
Gels were fixed in 10X acetic acid (v/v aqueous) and autoradiographed for about 16 hours at -70"C using an intensifying screen. Gel retention assay Labelled, fragmented poly [d(G-C)] was electrophoresed in a 6X polyacrylamide gel along with labelled size markers and DNA of 500 -1000 bp excised from the gel. The gel was crushed using a glass rod and DNA eluted at 45 overnight in 500 mM ammonium acetate, 1 mM EDTA, 0.1X SDS buffered to pH Cytoplasmic extracts were clarified by centrifugation (lOO.OOOg) for 1 hour and fractionated by ammonium sulphate precipitation.
Solid ammonium sulphate was added to the desired concentration, maintained at 4°C for 30 minutes and the precipitate collected by centrifugation (15000g, 20 min). The supernatent was then further precipitated by adding solid ammonium sulphate and continuing in this manner until 60Z.
In each case the precipitate was dissolved in buffer C (25 mM Tris pH 7.5, 50 mM NaCl, 10Z glycerol) at lmg/ml and dialysed against the same buffer before further analysis. Polypeptides were then renatured (33) by washing in 4 M urea for one hour at room temperature (x2) and blotted on to nitrocellulose as previously described (35). The nitrocellulose sheet was cut into three strips each containing the ammonium sulphate fractions, viral proteins and marker proteins.
One strip was stained with napthalene black to determine transfer efficiency.
The other two strips were washed in a buffer containing 50 mM NaCl, 10 mM Tris/HCl pH 7.5, 5Z Marvel and 1 mM EDTA or 100 uM Co(NH,),Cl-by shaking at room temperature for two hours before Fig.3A) and no retention was evident when the electrophoresis was carried out (in a separate gel) in the absence of Co(NH,), ions (data not shown). Specific retention of the labelled DNA probe was evident with a 1 in A,000 dilution of the anti Z DNA serum (Fig. 3A) although with different preparations of probe, DNA binding was demonstrable at dilutions of 1 in 40,000 (Fig. 3B) . Competition experiments were carried out to assess the effect of adding unlabelled polynucleotides on the antibody retention. Figure 4 shows that no competition was achieved with single stranded poly dT whereas competition was § § 8 §i 8 8
Cvl <vi -± ~* <~J -* -J- Presumably the latter result reflected the presence of a small number of Z DNA-like sequences in the complex salmon sperm DNA.
In these competition experiments additional quantities of unlabelled poly (dG) poly (dC) were added to at least a 1,000 fold excess with no effect on the results obtained.
Using this system as a model to detect Z DNA-protein interaction in the presence of Co(NH_), the parameters of the binding reactions were studied with respect to time and temperature of incubation and the conditions described in Materials and Methods were utilised in the experiments described below. In all gel retention assays the efficacy of the labelled probe was monitored by the ability of the anti Z serum to retain most of the label at the top of the gel, using unrelated rabbit serum as a negative control. Detection of Z DNA binding proteins in mammalian cells.
Initial studies were carried out on extracts of Hela cells and these indicated that factors binding to the Z DNA probe could be detected using the gel retention assay in both cytoplasmic and nuclear extracts (data not shown). Since there appeared to be greater amounts of the binding proteins in the cytoplasmic extracts further fractionation of this extract was carried out by ammonium sulphate precipitation. follows therefore that such forms cannot be ruled out as playing a role in binding the cellular factors detected in these studies. The competition assays with the unlabelled polynucleotides have demonstrated that binding to single stranded DNA is not involved in the interactions.
The competition achieved, however, with the denatured salmon sperm DNA suggests that it may contain some potential Z DNA-like sequences.
We have carried out a preliminary characterisation of these binding proteins by blotting which suggests that a polypeptide of -56K daltons has the appropriate binding properties.
It was interesting that no binding was apparent by the blotting method with the 60Z ammonium sulphate although this fraction clearly demonstrated binding by the gel retention assays.
This result is in keeping with other observations (data not shown) which show that at least four different species of binding protein were present in the fractions and that these were fractionated significantly by the ammonium sulphate precipitation. It is pertinent to note that all of the characterisation was carried out on cytoplasmic extracts although nuclear extracts also contained such activities -a distribution which may reflect leakage from hypotonically shocked nuclei or the presence of inhibiting factors.
Other investigations using affinity columns of brominated Poly [d(G-C)] have shown that proteins with preferential affinities for Z DNA could be detected in Drosophila, SV40 minichromosomes, wheat germ and in bull testis (20, 21, 22, 23) .
In both Drosphila and in the SV40 minichromosomes the proteins detected were large with molecular weights in the range of 100 -200,000 daltons (20, 21) .
The wheat germ extracts indicated possible binding proteins of apparent molecular weights of 90K, 58K and 40K daltons (22) . In bull testis three proteins of molecular weights 31, 33 and 58 k also have such conformational specificity (23) . Our current studies are directed to further characterisation of the binding proteins detected by this gel retardation technique.
It has not been possible in any of these studies and in this one to relate the findings to any parameter which could suggest some relationship to function.
It is interesting, however, that Z DNA has been implicated in genetic recombination and there have been reports that the recA protein of E_;_ coli and the rec 1 protein of Ustilago seem to exhibit preferential binding to Z DNA (24, 25) .
As well as being proteins concerned with recombination events it has also been suggested that such binding proteins could be involved in a variety of other regulatory events involving specific recognition.
Since Z DNA seems to be only a minor component of the total DNA it may be that such sequences become available in vivo for binding only in a particular environment e.g. as a function of supercoiling or perhaps by the 'locking' of a Z DNA sequence by basic proteins such as the core histones (ref. 30) The gel electrophoresis DNA binding assay has been extremely useful in facilitating the characterisation of proteins binding specifically to defined sequences of DNA and has helped to shed light on the properties of transcriptional and replication factors.
The availability of a similar method for detecting Z DNA binding proteins should hopefully provide data of comparable utility.
A method also utilising a gel retardation assay but involving a Z DNA probe within supercoiled DNA minicircles has been recently established (36) .
